Dierent studies have unveiled the extent of the genomic damage sustained by the tumor cell in human colorectal cancer (Kokal et al., 1986; Thein et al., 1987; Vogelstein et al., 1988; Delattre et al., 1989; Dutrillaux et al., 1995; Ried et al., 1996; Arribas et al., 1997) . Genetic alterations accumulate during tumor progression and appear as a consequence of the instabilization of the genome. In many cases, the type and level of genomic damage has been associated to molecular and clinical parameters and its application as prognostic factor has been also propounded (Kokal et al., 1986; Kern et al., 1989; Arribas et al., 1997) . Malignant transformation of the cell is also accompanied by aberrant expression of multiple genes. While cancer cell genomic disruption is well documented, to our knowledge, no attempts have been made to assess in a comprehensive way the overall expression deregulation. Dierential display of gene expression by RNA arbitrarily primed polymerase chain reaction (RAP ± PCR) is a powerful and relatively simple technique that, unlike other strategies, allows the serial analysis of a large number of samples, making feasible the study of relationships between expression patterns and clinicopathological parameters (Welsh et al., 1992; Liang and Pardee, 1992) . Taking into account these premises, we considered the hypothesis that the degree of gene expression deregulation, as determined by RAP ± PCR, might be associated to molecular and biological features of tumor cells.
In order to assess the overall level of gene expression deregulation in colorectal carcinomas, three independent RAP ± PCR ®ngerprints of the normal and tumor tissue were performed. Illustrative examples are shown in Figure 1 . Irregular patterns suggestive of experiment failure were not considered. Sixty-eight of 121 cases initially analysed produced good quality ®ngerprints for normal and tumor tissue in all three experiments. Reiterative failure was associated to extensive degradation of RNA template as visualized by ethidium bromide staining of total RNA electrophoresis (data not shown). It is noteworthy that most failing cases corresponded to samples obtained in the initial phases of the study (rate of successful RNA analysis by period in which the sample was collected was as follows: July ± December 1991, 14%; January ± June 1992, 29%; July ± December 1992, 59%; January ± June 1993, 90%). The time-increasing accumulated success rate was a consequence of technical improvements in handling and management of the samples that precluded RNA degradation. In order to avoid biases and technical interference in the assessment of the index of dierential expression, only the 68 cases with readable ®ngerprints in all experiments were considered for the study.
A total of 82 bands of tags representing apparently independent sequences were generated and considered for analysis. Due to polymorphic display of many bands, the average number of tags analysed per case was 65.0+5.5 (range: 41 ± 74). For each ®ngerprint band, normal and tumor intensities were compared and scored as qualitative events in the form of`no change', loss' and`gain' in the tumor respect the paired normal tissue (see legend from Figure 2 ). An illustrative *Correspondence: MA Peinadoexample is shown in Figure 2 . As a whole and according to the band intensity variability (40.2) obtained in the reproducibility assays (ToÂ rtola et al., 1998), 22.5% and 23.4% of the analysed bands were under-and over-represented, respectively, in the tumor in respect of the normal tissue. The number of bands displaying relative decreases and increases of intensity in the tumor in respect of the normal tissue were computed separately and divided by the total number of bands analysed. In this way, three relative values were generated: an index re¯ecting the proportion of underrepresented sequences (down-regulated tags fraction, Dn-RTF), an index for the overrepresented tags (up-regulated tags fraction, Up-RTF) and the sum of both indexes (the dierentially displayed tags fraction, DDTF). Dn-RTF ranged from 0.029 to 0.585 (mean+s.d., 0.230+0.112); Up-RTF value oscillated between 0.047 ± 0.471 (0.233+0.095) and DDTF Figure 1 RAP ± PCR analysis of two paired normal (N) and tumor (T) tissue RNAs with three dierent primers. Two examples of tumor speci®c up-(solid arrowhead) and downregulation (empty arrowhead) are illustrated. Methods: carcinomas and paired normal samples were collected as fresh specimens and snap frozen within 2 h after removal and then stored at 7808C. RNA isolation, reverse transcription reaction, PCR ampli®cation and electrophoresis were performed as previously described (ToÂ rtola et al., 1998) in three dierent experiments with a single primer in each: pU6 (5'-GCTTCTGACT-TATTCTTGCTCTTAG), TP53 (5'-AGGATACTATTCAGCCC-GAGGTG) and H12B (5'-CGCCAGGCTCACCTCTATA). Name of the primer used for the reverse transcription and PCR is indicated below the ®ngerprint. a-33 P-dATP was added to the reaction to label the product. A negative control (with no cDNA) and a genomic DNA sample were also analysed in all the experiments to ensure that the bands appearing in the patterns were not due to contamination of the reagents or the presence of genomic DNA. Radioactive RAP ± PCR products were analysed on denaturing sequencing gels and exposed to a X-ray ®lm as described (ToÂ rtola et al., 1998) Figure 2 Illustrative example of the densitometric analysis to determine dierences in band intensity between normal (N, light bars) and tumor tissue (T, dark bars). Relative dierences are shown as increases (positive values) and decreases (negative values) in the tumor respect the normal tissue. Relative dierences below 0.2 have been marked as`nc' (no change). Methods: ®lms were scanned (EPSON GT-8500 with transparency unit, Seiko Epson Corporation, Nagano, Japan) and the peak intensity of the bands was measured using Phoretix 1D software (Phoretix International, Newcastle upon Tyne, England). Only bands appearing sharply and distinguishable from the background were considered. When two close bands behaved always in the same way (regarding intensity changes) it was assumed that they corresponded to the two DNA strands of a unique sequence and only one of them was considered for the analysis (two examples are denoted by asterisks). Normal and tumor tissue ®ngerprints were matched and each band considered as an anonymous sequence tag. For a given tag, a dierential display in the tumor (T) was scored when the relative change in peak intensity (as assessed by densitometry) was over 20% respect the normal (N) tissue: (T-N)/N40.2. This limit was set based on reproducibility and accuracy assays (ToÂ rtola et al., 1998) . Dierences between normal and tumor appeared as either losses (negative values) or gains (positive values) of intensity, re¯ecting gene under-and over-expression, respectively between 0.183 ± 0.756 (0.463+0.121). A negative correlation existed between the proportion of up-and down-regulated tags (r=0.316, P=0.008).
Five cases (7%) exhibited multiple microsatellite alterations and were considered to belong to the microsatellite mutator phenotype (MMP+). Tumors of the MMP+ were excluded from the statistical analyses due to their dierential genetic and phenotypic characteristics (Ionov et al., 1993; Thibodeau et al., 1993; Kim et al., 1994; Schlegel et al., 1995) . In addition, an increased incidence of alterations in the patterns of gene expression has been reported in MMP+ cell lines (Ricote et al., 1997) . DDTF values for the 63 cases included in the study in regard to the most important molecular and clinicopathological data are displayed in Table 1 .
Using receiver operating characteristic (ROC) curve analysis, the cut-o points oering the highest diagnostic eciency for overall survival were: DDTF40.4038 (area under the curve: 0.673; sensitivity: 87%; speci®city: 44%), Dn-RTF40.2500 (area under the curve: 0.704; sensitivity: 54%; speci®city: 85%), Up-RTF40.2466 (area under the curve: 0.484; sensitivity: 54%; speci®city: 61%). Survival was signi®cantly diminished in tumors with higher DDTF (40.4038) and Dn-RTF (40.2500) values (Table 2, Figure 3 ). No statistically signi®cant dierences were observed regarding the Up-RTF. Univariate Cox proportional hazard model analysis of the actual values indicated an increased risk ratio associated to higher DDTF and Dn-RTF indexes (P=0.0113 and P=0.0032, respectively). When multivariate Cox analysis was performed in front of Dukes' stage, the Dn-RTF was an independent prognostic indicator, while the DDTF displayed dierences marginally signi®cant (Table 2) .
Since previous selection of patients could have introduced a potential bias in our results, survival analysis was repeated including MMP+ cases (n=5) and those cases with one (n=14) or two (n=19) readable experiments. In both situations statistical signi®cance of all correlations was maintained (data not shown). Furthermore, when the cut-o limit to score a normal-tumor band intensity dierence was set to 40.4, all correlations were again maintained reinforcing the reliability of our ®ndings.
Expression genetics is becoming one of the main areas of interest in cancer research. Genes displaying altered expression with regard to the disease are principal targets for pharmacological and clinical In the period between July 1991 and June 1993, a total of 121 patients preoperatively diagnosed of colorectal cancer and operated upon in the Hospital de la Santa Creu i Sant Pau were prospectively included in a study designed to evaluate the clinical usefulness of genetic alterations. Cases were pathologically staged using Astler-Coller modi®cation of Dukes' classi®cation system. Cases with poor quality RNA in either normal or tumor tissue or with incomplete experimental data (see below) were excluded from the analysis. Cases excluded from the study due to failure in one or more RAP ± PCR experiments displayed distributions for clinical, pathological and molecular parameters not distinguishable from the series of 68 cases with complete RNA ®ngerprinting data. Five cases displayed mobility shifts in two or more microsatellites from a total of 14 short tandem repeat sequences analysed (primer sequences and PCR conditions may be obtained from authors) and were considered to belong to the microsatellite mutator phenotype and excluded from the study (see text). Sixty-three cases were ®nally considered for statistical analysis. Mean age was 66.3+12.1 years (range 33 ± 84). Molecular analysis: mutations at codons 12 and 13 of the K-ras gene were determined by the RFLP approach or by single strand conformation polymorphism (SSCP) and cycle sequencing. Mutations in exons 4 to 9 of the p53 gene were analysed by SSCP and direct cycle sequencing. Assay protocols are available from the authors upon request Figure 3 Kaplan-Meier survival curves for DDTF and Dn-RTF values. Cut-o values oering the maximum eciency were calculated for DDTF, Dn-RTF and Up-RTF after Receiver Operating Characteristic (ROC) curve analysis of overall survival using Medcalc v 3.0 (Medcalc Software, Belgium). Curves have been traced to the last recorded event and after exclusion of ®ve cases displaying microsatellite instability. Patients main characteristics are described in Table 1 . Follow-up status was updated every six months. Mean follow-up time was 52 months (range 37 ± 65). In 13 patients (19%) tumor resection was performed for palliative purposes and disease persisted after surgery. Of the 55 cases undergoing radical surgery, disease recurred in 15 during follow-up. Average time of relapse was 20 months (range 3 ± 39). Twenty-four patients (35%) died of disease. Overall mean survival time was 49 months (95% CI: 44 ± 54) investigation (Sager, 1997) . Nevertheless, the systematic application of RNA ®ngerprinting techniques to the analysis of human tumor biopsies requires an exhaustive evaluation of the methodology and strict criteria in sample selection and processing. In our study, only cases rendering readable ®ngerprints in all experiments were considered. This is an important shortcoming that limits the number of patients that may bene®t by the application of this screening. Nevertheless, appropriate tissue obtained by adapting protocols to improve RNA preservation and reducing the processing time may increase the rate of successful analyses as demonstrated in late periods of the study (see above). In our experience, technique's performance look-out and optimization of sample handling may render this technique applicable to the study of large series of human tumor and normal tissue specimens (ToÂ rtola et al., 1998) .
In this experimental approach, we have considered the rate of tags that are dierentially displayed (in the tumor tissue in reference to the normal mucosa) as a novel parameter de®ning the extent of genetic disruption present in the tumor cell. According to our results, near 50% of the transcripts sampled in three RAP ± PCR experiments are dierentially expressed in the average tumor tissue when compared with the colonic mucosa. Broad dierences are observed from sample to sample and also regarding the sign of the deregulation (up or down). The increased DDTF associated to advanced Dukes' stages and lymph node invasion appears as a predictable relationship due to the accumulated genomic damage that also accompanies these phenotypes (Arribas et al., 1997) . Besides the correlation of a higher gene deregulation with more invasive stages, the index of dierential expression appeared to be an independent prognostic factor. This implies that highly deregulated expression patterns depict a more malignant behavior even in early stages of the disease. It is interesting to note that, in our series of colorectal carcinomas, the sign of the deregulation does not appear to have the same eect on patient's outcome. Decreases, but not gains, of expression correlate with diminished survival. It can be hypothesized the existence of a`loss of expression' phenotype linked to a more malignant phenotype. At present, we do not know if this alteration in the expression pro®le could play a relevant role in tumorigenesis or it is a mere consequence of the cancer cell genomic disruption.
Expression pro®le shifts, including random deregulations with no direct implications in the neoplastic process, are the result of complex regulatory mechanisms largely ignored. Heterogeneity of the underlying genetic pathways in colorectal tumorigenesis may result in complex patterns of gene expression deregulation. Dierent studies have evidenced links between genomic instability and expression regulation. DNA methylation alterations in cancer cells have been reported to modify RNA expression (Bird, 1986; Versteeg, 1997) . More recently, it has been postulated that alterations in DNA methylation may be related to genomic instability in the form of aneuploidy (Thomas, 1995; Lengauer et al., 1997; Jones and Gonzalgo, 1997; Baylin, 1997) . On the other hand, interdependence between DNA repair and transcription processes (Scicchitano et al., 1997; Friedberg, 1996) are likely to generate linked patterns of genomic disruption and RNA expression. Further insights are needed to determine the signi®cance and speci®city of these observations. Due to the`sketchiness' but comprehensive trait of our approach, band identi®cation was a secondary aim. Up to now, ten bands (from the total of 82 considered tags) displaying recurrent deregulations have been isolated and sequenced. Three sequences showed perfect or near perfect homology with genes previously identi®ed, i.e. myosin (GeneBank AN: X69292), MYPT2 (AB003062), and a human mRNA (AJ227855). Another one was highly homologous to a rat nucleoporin (Z21513). In other cases, the sequence was homologue to a human rRNA, a gastrointestinal tract bacteria rRNA, mitochondrial tRNA genes and mitochondrial DNA loop-attachment sequences. Two other bands displayed no signi®cant homology with any known sequence. The correspondence between the cloned sequence and the RAP ± PCR band has been demonstrated by Southern blot hybridization for all ten isolated bands (data not shown). Further characterization of these and other transcripts are currently undertaken in our laboratory.
To our knowledge, this is the ®rst attempt to quantify the degree of dierential gene expression in a relatively large series of prospectively collected colorectal carcinomas. Our approach oers a new view of the neoplastic cell untidiness. By means of a random RNA screening amenable to the analysis of surgical samples, we have provided a sketch of gene expression pro®les in tumor tissues. These altered RNA patterns are linked to disease's stages. Moreover, our study suggests that the analysis of the tumor cell RNA deregulation may have applications as an independent marker in the clinical assessment of colorectal cancer.
